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Examination requested pursuant to Section 44 of the Patent Law 

Process and Device for Producing Spherical Particles from Spontaneously 
Reacting Liquid Components 

To produce spherical particles with diameters between SO and 2500 ^ and 
a narrow particle size spectrum from two liquid components w th Bubst ances 
that react spontaneously with one another, the components, driven to o»cillat« 
In Phase at the same frequency by vibration, are fed to W«t. ttat 
are aligned so that the two jets of droplets strike one another at an angle of 
10 to 120°. (31 26 854) 
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Process and device for producing sp h erical particles from spontaneously 
reacting liquid components 

1. Process for producing spherical particles with a diameter between 50 and 
2500 jzm and a narrow particle size spectrum from two liquid components 
that consist of solutions or molten substances that react with one 
another within a short time after mixing, with solidification, or that 
contain substances in dissolved, dispersed, or emulsified form that 
react with one another within a short time after mixing, by having these 
liquid components, set into oscillation by vibration, flow out of 
nozzles and solidify while falling, characterized by the fact that the 
two liquid components to which oscillation is imparted in phase and at 
the same frequency by vibration are fed to separate nozzles that are 
aligned so that the two jets of droplets strike one another at an angle 
of 10 to 120°. 

2. Process pursuant to Claim 1, characterized by the fact that the two jets 
of droplets collide at an angle of 40 to 70°. 

3. Device' for producing spherical particles pursuant to Claim 1 and 2, 
essentially consisting of two nozzles with nozzle holders, infeed lines, 
and a vibrator system, characterized by the fact that the nozzles (1, 2) 
are aligned so that the axes of the nozzles form an angle («) of 10 to 
120' and the vibrator system (3) forces the liquid components to 
oscillate in phase at the same frequency. 

4. Device pursuant to Claim 3, characterized by the fact that the distance 
(a) between the two nozzles (1, 2) is 10 to 100 mm. 
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nevlce pureuant to Ciaime 3 and 4, characterized by the tact that the 
Zo nozLs <X, 2, are eoXidiy inetaXXed in a com^n hoXder and are 
provided with a common vibration syetem. 

oevice pureuant to Claire 3 to 5, characterized by the fact that the 

u«i^av Are couDled to one another 
i a. a 1 1 2\ installed in a common holder are coupxeu w 

is neceaeariXy maintained when the anoXe between the arms of the 
triangie formed by the extended nozzXe axee ie varied. 
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Process and device for producing s pherical particles from spontaneously 
reacting liquid components 

This invention relates to a process and a device for producing spherical 
particles with a diameter between 50 and 2500 /im and a narrow particle size 
spectrum from two liquid components that consist of solutions or molten 
substances that react with one another and solidify within a short time after 
mixing, or that contain substances in dissolved, dispersed, or emulsified form 
that react with one another within a short time after mixing, by having these 
liquid components set into oscillation by vibration flow out of nozzles and 
solidify while falling. 

Spherical particles in the size range between 50 and 2500 fan are needed and 
used in various sectors. Maintaining a narrow particle size spectrum and 
uniform roundness produces particles with uniform surface areas and volumes, 
which leads to precisely adjustable and calculable product characteristics. 
Other benefits are the absence of dust and good free-flowing properties of 
such products. 

Because of these properties, it has been endeavored in various fields of 
application to produce products in the form of small spheres of equal size. 
Thus, it is known how to make spherical particles with diameters up to 900 /im 
for nuclear engineering from a uranyl nitrate solution to which 
hexamethylenetetramine has been added (DE-AS 1960289). For physical reactor 
reasons, a very narrow particle size spectrum and a precise spherical shape 
are necessary in that case. 
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A process is described in German Patent Application Exposition 2725924 for the 
preparation of email, apherical particles from meltable substances with drugs 
contained in them for the pharmaceutical industry.' 

A uniform particle size spectrum is necessary for this application to control 
the release of drug when used. 

in the production of insulating window glass panes, small spherical particles 
of silica gel are incorporated into the frame, that are intended to absorb 
water of condensation between the panes. In this case, a small, uniform 
spherical product is needed to be able to calculate the absorptive power, and 
for reasons of -the space available. 

In all fields of use of spherical particles with narrow particle size 
spectrum, those that have to be prepared from components that react 
spontaneously with one another under normal conditions are encountered. 

The procedures for producing spherical particles from components that react 
with one another within a short time after mixing that are known so far are 
not very suitable for this area of use. Thus, for example, it has been 
suggested to make an aqueous solution of uranyl nitrate, urea, and 
hexamethylenetetramine (HMTA) in such a way that it is stable for some time at 
. temperatures below 10% but gels quickly at temperatures above 10'C by 

liberating NHj from a thermal decomposition reaction of HMTA and precipitation 
of ■■ammonium' diuranate- (ADO, from the reaction of uranyl nitrate with this 
ammonia (DE— AS 1960289). To produce uniformly round particles, the carefully 
cooled solution is forced out of a nozzle while applying a vibration in such a^ 
way that the cast stream breaks up into uniform drops, which then fall into a 
hot oil bath and solidify there from the reaction described, also called 
internal gelling. To avoid plugging of the nozzle, cooling arrangements are 
also found on it. In principle, therefore, a mixture of two reactants that 
react spontaneously with one another has to be prevented from reacting 
initially in this case by difficult measures, and this reaction then has to be 
forced by measures that are no less difficult. The freshly prepared cores 
have to be washed free of oil with an organic solvent, and additional organic 



below the freezing point. 

The proc descried in DE-AS 2OS37020 and 18X7092 for the production of 

Z «*. or U/Xnc 2 spherical particles liaise operate with the method o 
Ilrnal gelling described above, and accord they nave the same drawback 

regard to or g anic chemical waste and storage life of tne casting 
solution. 

-u«i- « . — — — - - t ~ri: ."H 

the sol droplets from the alginate film. Both tne 

«r„ ».~ - - — — — — «— - - r:r».. « 
r~— — — - - — w - - 

another drawback. 

it is alBO known how to mix a 
To produce spherical ^^J^ZZ^ and caBt it Into an oil bath 
. oolution of waterglaee and ^ concentratlo n conditiona 

in a turbulent stream through a Daniell tap ^ 
be mg chose, so that 

aeconds, so that plugging of the tap 1 «^ _ roillimeter to 

prepared by this process have a diameter spectrum 



more than one centimeter. 



described have the common characteristics and drawbacks that to 
T he processes des r b d ^ ^ 

produce round particles or u thQ 

in the starting solution that react with one another in ^ _ 



already inherently reactive is prevented within the casting system. As a 
result of this inhibition of reaction prior to the nozzle, either a longer 
reaction time and with it a long falling distance has to be accepted in the 
gelling area, or the falling section for the drop after the nozzle, or 
additional process steps have to be accepted, for example to accelerate the 
gelling reaction. In all cases this leads to complicated processes with 
additional waste problems. 

It was therefore the purpose of this invention to find a process and a device 
for producing spherical particles with a diameter between 50 and 2500 fim and a 
narrow particle size spectrum from two liquid components that consist of 
solutions or molten substances that react with one another and solidify within 
a short time after mixing, or that contain substance in dissolved, dispersed, 
or emulsified form that react with one another within a short time after 
mixing, by having these liquid components, set into oscillation by vibration, 
flow out of nozzles and solidify while dropping, without plugging of the 
nozzle, additional waste being formed, or steps having to be taken to slow 
down the reaction. 

This problem is solved by the invention by the fact that the two liquid 
components set into oscillation in phase and at the same frequency by 
vibration are each fed to a separate nozzle, with the nozzles being aligned so 
that the two jets of droplets strike one another at an angle of 10 to 120°. 
The nozzles are positioned horizontally relative to one another so that the 
line joining 1 them forms the base and the extensions of the nozzle axes 
pointing diagonally downward form the arms of an isosceles triangle marked out 
by the intersection of the longitudinal axes of the nozzles and the nozzles 
themselves. The liquid components are set into in-phase oscillation by 
applying a completely identical vibration, because of which they emerge from 
the nozzles as laterally transposed identical jets of droplets. These casting 
jets collide with one another at or just below the intersection of the 
extended axes of the nozzles with union and mixing of a droplet from each of 
the two jets into a larger droplet, and are thus solidified as a stream of 
individual drops in the following falling section by chemical reaction of the 
components, now combined, or by solidification of the carrier substance, into 



separate spherical particles of equal size. The chemical and physical 
parameters of the process can be selected so that the joining, precipitation, 
or solidification reaction occurs as quickly as possible and in a short 
falling time and falling distance, without thereby causing a risk of plugging 
the nozzles. 

To produce the particles, two casting solutions are first suitably prepared in 
the same solvent or in the same carrier material, each of which contains one 
of the reactive components. Suitable components are all substances that react 
with one another upon mixing with gelling, precipitation, or chemical change. 
Besides the customary inorganic and organic solvents, molten waxy or fatty 
substances are also especially suitable as carrier materials. It has proved 
to be advantageous for the two jets of droplets to strike one another at an 
angle of 40 to 70°. 

The two casting solutions, each containing one of the reactive components, are 
designated A and B below. Essentially devices such as those described in DE- 
AS 27 25 849 and in DE-OS 30 35 331 are used to carry out the process. The 
figure shows schematically an example of embodiment of such a device. Each of 
the solutions A and B is held at a certain temperature in a thermostatic bath 
connected to one of the two nozzles. The temperature control on the one hand 
permits the viscosity of the casting solution to be adjusted to the desired 
range of less than 60 cP, preferably 10-30 cP, but on the other hand, it 
permits the reaction rate of the components of solution A and solution B with 
one another after mixing to be controlled. In addition, the temperature 
control can keep a melt at temperatures above the solidification point. 

Therefore, it is practical for the entire system up to and including the 
nozzle to be under similar thermostatic control. The solutions A and B are 
forced out of the supply tanks separately through the two nozzles (1, 2) by 
gas pressure applied to them. Preferably, pressures between 0.1 and 5 bar 
gauge pressure are used for this. The precise flow rates are adjusted with a 
regulating valve between each supply tank and nozzle. 
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A constant harmonic vibration of at least 50 Hz is impressed on the jets 
emerging from the nozzles (1, 2) by a vibrator (3), which breaks the jets down 
into the same number of drops per second. The size of the particles that are 
formed depends on the frequency and the selected volume rate of flow of the 
emerging solutions. The nozzle diameters that result in the jet diameters 
have to be matched to the particle sizes required in order to achieve good 
drop formation. A different drop size can be set for solution A, and thus a 
different volume rate of flow and nozzle size, than for solution B. This will 
always be the case when the ratio of the reaction volumes or of the solution 
volumes of A and B differs from 1. On the other hand, the frequency of the 
two casting jets must always be kept absolutely synchronous. This is 
preferably -achieved by exciting the two casting -jet s-by the- same vibration 
system. Another possibility consists of exciting the casting jets of solution 
A and B each with its own vibration system, but providing each system with the 
same amplifier signal by connecting them in parallel to the same frequency 
generator . 

When the two nozzles (1, 2) are positioned horizontally next to one another 
with nozzle openings pointing diagonally downward, so that the extension of 
the longitudinal axes of the nozzles intersect at an angle between 10° and 
120°, the jets of droplets of casting solutions A and B emerging from them 
collide at or just below the point of intersection of the axes. Surprisingly, 
" a droplet of solution A always encounters a droplet of solution B at this 
point. The two droplets are mixed in fractions of a second into drops whose 
volume corresponds to the sum of the volumes of the droplets forming it. 
Thus, from the two casting solution jets A and B colliding with one another in 
a V-shape is formed a product stream that drops downward vertically with 
synchronous frequency from the point of combination of the casting jets. 
Advantageously, the distance (a) between the two nozzles (1, 2) is 10 to 100 



Surprisingly, it is found in this process that the thorough mixing of each of 
the two droplets striking one another is so intensive that good homogenization 
of the product is achieved even with the shortest reaction times. 
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To increase throughput, several pairs of nozzles can be connected in parallel. 
The nozzles for components A and B can each be supplied in this case from a 
common Bupply tank. For very precise metering, however, the flow rate to each 
nozzle can preferably be regulated with a separate valve. 

An increase of throughput with the process pursuant to the invention can be 
achieved by using high frequencies and a correspondingly higher volume flow 
rate. Particles with diameters of 1200 /xm and larger are preferably produced 
with a frequency between 100 and 400 Hz, and particles below 500 jim with 
frequencies between 1000 and 2000 Hz. For example, with a frequency of 200 Hz 
and particle diameters of A and B of 1000 jtm each, a resultant product 
diameter of 1260 fixa can be set, which corresponds to a throughput of about 
0.75 1/h. 

The process of the invention will be described in detail with reference to the 
following examples. 

Example 1: 

Solution A consisted of potassium waterglass of about 28°-30° Beaume, and 
solution B of approximately 10% sulfuric acid. With these concentration 
ratios, gelling is observed immediately after mixing. The two casting 
B solutions are transported separately by compressed air from the supply tanks 
through tubes to the nozzles. These were oriented at an angle of 55° from one 
another, and were separated from one another by 20 mm. Just before the 
nozzles, the casting solutions A and B were set into synchronous oscillation 
at 400 Hz by an electromagnetic vibration system, so that the emerging jets 
were divided into 400 drops per second. About 15 mm below the horizontal line 
joining the nozzles, the casting jets flowing diagonally downward were 
combined into a product stream falling vertically. The product drops 
solidified while falling at room temperature through air in a section 1.5 m 
long, and were collected in a container as spherical gel particles. Particle 
diameters of solutions A and B of 800 jim each resulted in a spherical silica 
gel particle with a diameter of about 1010 /im. The throughput was 0.77 1/h in 
this case. 
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Examination of the particles showed an average diameter of 1007 jim with 
maximum deviations of 80 /un. 

Example 2; 

Solution A consisted of an aqueous uranyl nitrate solution with 500 g U/l and 
250 g urea/1, and solution B consisted of an aqueous solution of 
hexamethylenetetramine (HMTA) with an HMTA concentration of 375 g/1. The two 
casting solutions were transported through tubes to the jets by compressed 
air. The nozzles were oriented at an angle of 60° from one another and were 
separated by 25 mm. Just before the nozzles, a synchronous oscillation at 100 
Hz was imparted to the solutions. Solution A was cast with a flow rate of 
7.58 ml/min and solution B at a rate of 13.82 ml/min. This forms drops with 
diameters of A = 1.34 mm and B = 1.64 mm, which combine about 18 mm below the 
nozzle horizontals into a chain of spherical "ADU" particles that solidify 
rapidly by gelling. The spherical gel particles fell directly into an aqueous 
ammonia wash solution. After washing, the gel spheres were dried and reduced 
and sintered under hydrogen at 1650 °C. 

High-density ceramic cores of UO z with an average diameter of 502 fim were 
obtained in a yield of 92%. The standard deviation was 13.2 /*m. 99% of the 
cores thus produced had a diameter ratio (dmax/d^) smaller than 1.2, and were 
therefore very round. 

Example 3; 

Solution A consisted of an aqueous solution with 427 g U/l (900 g 
U0 2 «(N03) 2 »6 H z O, 200 g resorcinol/1, and 50 g ethylene glycol/1. Solution B 
consisted of a 40% formaldehyde solution. The polycondensation between 
resorcinol and formaldehyde was used as the solidifying reaction in this case. 
Solution A was thermostatted at 80°C. The two solutions were processed as in 
Example 2. The particles hardened throughout while falling about 2 m in air. 
They were dried up to 300°C in air, with the binder also carbonizing, and were 
then reduced and sintered under hydrogen up to 1650°C. U0 2 cores with an 
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average diameter of 298 /*m with a standard deviation of 19,5 fm were obtained 
in about 90% yield. 
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/Q BrennKraft-cnine *« vergroAerte* Arbei^ub 

inS besondere Arbe its Z ylindern, 
ZufUhren der Verbrennungslutt zu 
d adurch se^eichnet, 

da6 de r Verdicnter (10) mxttels eines 0 ^ 
. 15 ) *t veranderbarer Obersetzung von der Brenn 
(1) angetrieben viird. 

0berS „ , hen 13 ), dercn wirksamer Durch- 

- 1 -^ 8 ° he b " ; flh n Keilriem en C«) -den, 
me3se r verand.rbar ^ der Bre nn- 

WO bei die eine Riemenscheibe auf ^ 

„ h ine (1) und die andere Hie^cbexbe «* 

Welle des Verdichters (10) an 6 eordnet sind. 

ilet da* die Einstellung des Oberse«sver- 
geKennzexchnet, daA 13) durc h von einem HShen 
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k. Brennkraftmaachine nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB die Einstellung des Ubersetzungs- 
verhaltniases des Oetriebea (t, 12, 13) von einem Meft- 
filhler geateuert wirdU.der den Staudruck am Verdichter 
(10) mifit. 
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Beschreibung: 

Die Erfindung bezieht sich auf eine Brennkraftmas chine 
mit vergrCfiertem Arbeitshub, insbesondere auif einen Zwei- 
taktmotor, mit- einem Verdichter zum Zufahren der Ver- 
brennungsluft zu den Arbeitszylindern. 

Bei Brennkraftmaschinen ist es bekannt, ira Interesse 
einer erhShten Leistungsausbeute. die.FUllung der Arbeits- 
zylinder durch ZufUhren raittels eines LadegeblSses, im 
folgenden Verdichter genannt, vorverdichteter Verbrennungs- 
luft zu verbessern, Soweit man von- dem bekannten, jedoch 
hinsichtlich der baulichen Mafinahraen recht kostenaufwen- 
digen Prinzip der sogenannten Abgas-Turboau.fladung absieht, 
werden bei derartigen Motoren die Verdichter rait Hilfe 
eines angepaBten Getriebes von den Brennkraftmaschinen 
in der Art angetrieben, daS die Drehzahl des Verdichters 
immer proportional der Motordrehzahl ist, wodurch sich eine 
gleichbleibende Leistungssteigerung infolge Aufladung un- 
abhSngig von der Last ergibt. 

Unbefriedigend bei derartigen Brennkraftmaschinen ist , 
daft sich beim Betrieb in grdfieren Hdhen angesichts der 
dort anzutreffenden geringeren Dichte der Luft ein be- 
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deutender Leistungsabfall ergibt. Ziel der Erfindung 

ist es, diesen Unsulanglichkeiten duroh einfache Mafinahmen 

abzuhelfen. , 

Gelost ist die. gestellte Erf indungsaufgabe dadureh, dafi 
bei einer Brennkraftmasohine nach dera Oberbegriff des 
Patentanspruchs 1 der Verdichter mittels eines Getriebes 
mit veranderbarer Obersetzung von der Brennkraftmasohine 

.. angetrieben wird, so dafi durch entsprechende Einstellung 
des Obersetzungsverhfiltnisses dieses Getriebes eine Anpas- 

' sung der Verdiehterleistung an veranderte Einsatzbedingungen 
vorgenommen werden kanri. 

Eine zweckmafiige Ausgestaltung der Erfindung besteht darin, 
dafi es sich bei dem Getriebe mit veranderbarer ubersetzung 
um ein Umschlingungsgetriebe mit einem zwischen zwei Keil- 
riemensoheiben, deren wirksamer Durchmesser verftnderbar 
ist, gefflhrten Keilriemen handelt, wobei die eine Riemen- 
scheibe auf der Kurbelwelle der Brennkraftmasohine und die 
andere Riemenscheibe auf der Welle des Verdichters angeord- 
net sind. 

In ebenfalls weiterer Ausgestaltung der Erfindung kann die 
Einstellung des Obersetzungsverhaltnisses des Getriebes 
duroh von einem Hohenmesser vorgegebene MeBwerte Oder durch 
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einen Mefif tthler ' erf olg n, der den Staudruck am Verdichter. 
mifit . 

Anhand der beigefUgten Zeichnung soil nachstehend eine 
Ausftthrungsform der Erfindung beschrieben werden. In 
scheraatischen Ansichten zeigen: 

Fig. 1 eine Brennkraftmas chine mit einem Lade-Verdichter 

_ .in einer_Frontansicht und 

Fig. 2 das zwischen der Kurb'elwelle der Brennkraftmaschine 
und dem Verdichter angeordnete Getriebe mit ver- 
anderbarer Obersetzung fttr sich allein in einer 
• gegenilber Fig. 1 vergrCfierten Schnittansicht . 

Bei dem Ausftthrungsbeispiel gema* Fig. 1 ist ein Ver- 
brennungsmbto* 1> mit einem Arbeitskolben dargestellt, der 
mit einer Kipphebelabdeckung 2, einer Olwanne 3 und einer 
Keilrieraenscheibe 4 versehen ist, die auf dem Ende der 
Kurbelweile aufgenommen ist. tlber diese Keilriemenscheibe 
H und einen Keilriemen 5 wird. die Keilriemenscheibe 6 einer 
Gleichstromlichtmaschine oder eines Wechselstromgenerators 
sowie|die Keilriemenscheibe 7 finer Wasserpumpe und eines 
Ventilators angetrieben. 

Der Motor nach diesem Ausfiihrungsbeispiel besitzt einen 
Vergaser 8, der zwischen dem Ausgang ein s Luftfilters- 9 
und dem Eingang ines Verdichters 10, "bei dem es sich um 
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ein Ladegeblase, eine Ladepumpe oder einen Kompressor 
handeln kann, geschaltet ist, um Uber eine nur schematise*, 
angedeutete Verbindung 11 die Motorzylinder zu speisen.. 
Obgleich bei der gezeigten Ausftlhrungsform der Vergaser 
oberhalb des Verdichters 10 angeordnet ist, ware natUrlich 
■auch eine uragekehrte Montage mBglich. In diesem Fall ware 
dann ein Staustromvergaser erf order lich. 

Gleichfails wa*e anstelle einer mit Vergaser ausgertisteten 
Brennkraftmaschine die Erfindung auch bei einer Maschine 
mit Brennstoffeinspritzung anwendbar. 

Der Verdiohter 10 wird von der Brennkraftmaschine 1 mit 
Hilfe eines Oetriebes mit veranderbarer Obersetzung ange- 
trieben. Im vorliegenden Falle handelt es sich dabei um 
ein Umschlingungsgetriebe mit einem Keilriemen 12, der 
zwischen *wei Keilriemenscheiben 4, 13 mit veranderbarem 
Durchmesser gespannt ist. Die Keilriemenscheibe H ist auf 
dem Ende der Kurbelwelle der Brennkraftmaschine 1 aufge- 
nommen, wahrend die" Keilriemenscheibe 13 drehfest auf der 
Antriebswelle des Verdichters 10 sitzt. 

..GemSB Pig. 2 ist auf dem Ende 14 der Kurbelwelle der 
Brennkraftmaschine ein mittels eines Keils 16 drehfest 
angeordnetes Nabenteil 15 mit einem Planschteil \ der 
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Keilriemenscheib 1 drehfest und- axialfest angeordnet. 
Der andere Plansohteil 1 2 der Keilriemenscheibe ist in 
Langshuten des Nabenteils 15 axialbeweglich gefilhrt, im 
Ubrigen aber drehfest angeordnet. Der axialen Einstellung 
des Flanschteila M 2 dient ein Steuere lenient 17,- welches 
gabelformig ausgebildet ist und liber ein Kugellager 18 
und eine Glacke 19 am Flanschteil 1 2 angreift. 

"Die auf "def Welle 20 des Verdichters 10- auf genommene 
Keilriemenscheibe 13 besteht ebenfalls aus zwei Flansch- 
teilen 13j und 13 2 , von denen das Flanschteil 13! auf 
einem Nabenteil 21 fest, hingegen das Flanschteil 13 2 
in Langanuten des Nabenteils geftthrt und axialbeweglich 
aufgenommen sind, und zwar gegen die Wirkung einer Riick- 
stellfeder 22. 

teil . . 

Wenn das Flansch/1 2 der Keilriemenscheibe H unter Em- 

wirkung des gabelformigen Steuerelementes 17 axial ver- 
achoben w^rd t andert sich der wirksame Durchmesser der 
Keilriemenscheibe k. Entsprechend gegensinnig andert sich 
, der Durchmesser der Keilriemenscheibe 13, wodurch sich das 
Ubersetzungsverhaltnis des UmschlingUngsgetriebes andert 
und mithin die Antriebsgeschwindigkeit des Verdichters 10 
yariiert wird. 
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Das gabelformige Steuerelem nt 17 kann von Hand oder 
automatisch fiber ein Stellglied in Abhangigkeit von 
MeBwerten, die von einem Hohenmesser oder einem MeB- 
ftthler als MeBwertgeber vorgegeben werden, gesteuert. 
werden, wobei der Mefiftthler beispielsweise den Staudruck 
am Verdichter mifit. Das Umschlingungsgetriebe mit verander- 
barem Obersetzungsverhaltnis kann auch durch einen hydrau- 
lischen oder elektrischen Antrieb ersetzt werden. 

Die erfindungsgemSBe Ausbildung einer Brennkraftmaschine 
mit einem mitfcels eines hinsichtlich seines Obersetzungs- 
verhaltnisses veranderbaren Qetriebe zwisehen der Kurbel- 
welle der Brennkraftmaschine und der Antriebswelle eines 
Lade-Verdichters ermoglicht gleichermaBen bei Vergaser- 
motoren oder bei Einspritzmotoren eine Reduzierung des 
Kraftstoffverbrauchs und eine Minderung der Abgasverluste , 
desgleiohen eine Leistungsverbesserung in grofien Hohen. 
Eine Leistungssteigerung einer derartigen Brennkraft- 
maschine kann auch in Abh&ngigkeit von geforderten Lei- 
stungsspitzen erreicht werden, wenn in Abhfingigkeit vom 
Auftreten solcher Leistungsanforderungen die Einstellung. 
des Obersetzungsverhaltnisses des Getriebes zwisehen der 
Kurbelwelle der Brennkraftmaschine und der Antriebswelle 
des Verdichters erfolgt. 
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Bei dem einzusetzenden Verdichter kann s sich urn her- 
kCmmliche Ladegeblfise, eine Ladepumpe o.der auch einen 
Koinpres3or handeln, wobei fUr langsam drehende Motoren 
insbesondere Ladepumpen, hingegen fUr schnell drehende 
Motoren, wie F lug zeugmo tore n oder auch Automobilmotoren, 
insbesondere Ladekompressoren in Betracht komraen. 

MOglich ist es auch im Rahmen der Erfindung, zwei hinter- 
einander. geschaltete Verdichter einzusetzen, wobei der _ . 
erste vorrangig geschaltete Verdichter ein. Kreiselverdichter 
und der zweite Verdichter eine Ladepumpe sein kdnnen, so 
dafi der Kreiselverdichter die Verbrennungsluf t der Lade- 
pumpe bereits mit einer Vorverdichtung zufUhrt, die bei- 
spielsweise beim Einsatz solcher .Einrichtungen in groBen 
HBhen etwa dera atraosphSrischen pruqk bei der H6he Null 
entspricht. 



